Differences in the circumstances around the various manners of death may have implications for the prevention of deaths among users of narcotic substances.
To improve diagnosis and registration of unnatural deaths while using drugs, the medicolegal autopsy rate ought to be increased for all cases of unnatural death.
BACKGROUND Deaths caused by drug abuse, in which the cause of death is intoxication, so-called overdose deaths, are regularly reported and studied. Other deaths related to drug abuse have been less frequently studied. We wished to investigate the prevalence and characteristics of unnatural deaths in persons in whom drugs were detected in blood samples taken at autopsy.
MATERIAL AND METHOD A total of 1 338 forensic autopsy reports from Southern Norway for the years 2000-2005, in which there were positive drug findings in post mortem blood, were aged 20-59 years and had an unnatural manner of death (accident, suicide, homicide) were investigated. Gender, age, cause of death, manner of death, circumstances and police district were recorded.
RESULTS
The mean age of those included in the study was 34 years, and 81 % of them were men. Of all the deaths investigated, 998 of the deceased were in the age group 20-39 years, and 322 deaths were due to accidents other than intoxication (most frequently traffic-related), suicide or homicide. The remaining deaths were accidental intoxications (i.e. intoxications not suspected to be suicides, and which primarily account for the official «overdose statistics»). The proportion of women and the circumstances varied according to the manner of death.
INTERPRETATION Unnatural deaths that occur during drug use but are not accidental poisonings are not included in the regular «overdose statistics». These deaths account for a significant proportion, and are in all likelihood being underreported. They are somewhat different from the accidental poisonings in terms of their gender distribution and circumstances.
Illicit drug use is a risk factor for disease, accidents and reduced life expectancy (1 -10) . Narcotic substances are available all over the country and have been seized in all of the country's police districts since 2000 (11) . Deaths related to drug use, primarily intoxications («overdoses»), are frequently reported by the police (12), in public reports (11, 13) and in scientific journals (14, 15) . In some scientific papers, deaths from causes other than intoxication among drug users have been included (2, 9) , but no systematic public registration of other types of unnatural deaths among users of narcotic substances is available.
Konstantinova-Larsen and collaborators have published a study on the prevalence ofdrugs in blood and urine samples from deaths that occurred in the period 2000-09 (16) . However, the authors did not distinguish between different causes and manners of death. To obtain the best possible knowledge on how narcotics may be a contributing factor to mortality, causes and manners of death other than intoxication must be investigated.
«Manner of death» in the medicolegal sense refers to the manner in which death occurred: natural, accident, suicide or homicide. Hence, this is not the same as «cause of death». For example, the manner of death can be a traffic accident, while the cause of death is chest injuries. As far as we are aware, no major systematic investigation has previously been undertaken based on all types of unnatural deaths where narcotics were detected in post mortem blood. Only scarce documentation is available regarding how circumstances and different manners of death are distributed among the genders and age groups of the adult drug using population, and whether there are any regional differences.
The objective of our study was to obtain more knowledge regarding the prevalence of and circumstances around unnatural deaths in the age group 20-59 years, where the person died while using narcotics. The following narcotic substances were registered: amphetamine, methamphetamine, cannabis (THC), cocaine and/or the cocaine metabolite benzoylecgonin, morphine, the heroin metabolite 6-monoacetylmorphine, ecstasy (MDMA, MDA), phencyclidine (PCP), LSD, elevated levels of GHB (more than 1 mmol/l), methadone and buprenorphine.
Material and method
For those deaths that were investigated at the Institute of Forensic Medicine and the Gade Institute, the Department of Pharmacological and Toxicological Interpretation at the Division of Forensic Medicine and Drug Abuse Research, the Norwegian Institute of Public Health, supplied lists of medicolegally autopsied deaths in which any of the abovementioned substances had been detected. At Stavanger University Hospital, cases were identified by manually reviewing medicolegal reports with a date of death within the same period.
Persons aged 20 -59 years whose manner of death was deemed to be unnatural (accident, homicide or suicide) were included. Individuals younger than 20 or older than 59 years were excluded, since there were very few unnatural deaths that had occurred under the influence of drugs in these groups. Cases in which only morphine was found and there was information that medical treatment had been provided immediately before death were excluded, since the morphine could have been administered during treatment. Moreover, cases involving codeine and morphine, in which the concentration of morphine was lower than that of codeine, were also excluded, since the morphine could generally be interpreted as a metabolite of codeine. Gender, age, manner of death, cause of death, police district, municipality of residence and scene of death were registered.
The unnatural manners of death were divided into accidents, suicides and homicides (assumed accidents/assumed suicides were registered as accidents and suicides respectively). Accidents were further subdivided into accidental intoxications and accidents other than intoxication, hereafter referred to as «other accidents». The regis- Other variables pertaining to the circumstances included whether any other adults were present at the time of death/the incident that caused the death, whether the person had received professional emergency treatment, and whether there was any information on «drug user's equipment» on or close to the deceased. Drug user's equipment included narcotic substances and/or equipment for use/intake of such substances.
The chi-square test was used for estimating the p-value. A p-value of < 0.05 was considered statistically significant. Comparisons were made at the group level, in which differences between the four unnatural manners of death and the other variables were tested simultaneously. The testing was done exploratorily, and no corrections were made for multiple testing.
The study was approved by the Regional Committee of Health Research Ethics (REK). Approval of data collection was granted by The Director of Public Prosecutions, The National Police Directorate and Norwegian Board of Forensic Medicine at the Norwegian Civil Affairs Authority. The study is not subject to duty of notification or licence pursuant to the Personal Data Act.
Results
During the period 2000 -05, a total of 8 576 medicolegal autopsies were undertaken at the Institute of Forensic Medicine, the Gade Institute and Stavanger University Hospital. Of these, a total of 1 338 cases (1 089 men and 249 women) were included in the study, 1 005 of which had been examined at the Institute of Forensic Medicine, 213 at the Gade Institute and 120 at Stavanger University Hospital.
The annual number of included deaths varied from 141 to 207 at the Institute of Forensic Medicine (Southern and Eastern Norway) and from 50 to 63 in Western Norway (at the Gade Institute and Stavanger University Hospital). The highest total number of cases was found in 2001 and the lowest in 2005, but there were no significant differences between the various years.
The median age was 33 years, and 998 (75 %) of those included were between 20 
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and 39 years at the time of death. In 322 (24 %) of the 1 338 cases, the manner of death was another than accidental poisoning. Of these, 168 were suicides, 123 other accidents and 31 homicides (Table 1) . Of those who died from other accidents, 66 were found in or near a motor vehicle ( Table  2) . We found no significant differences in age distribution between the various manners of death. In total, the material encompassed 249 women. The proportion of women varied for the different manners of death (Table 1) , and there were significant differences in the gender distribution of the manners of death (p = 0.002). The proportion of women varied from 27 % for suicide to 16 % in the category «other accident». Of the 46 women who committed suicide, 23 died of intoxication, whereas the equivalent figure for men was 47 out of 122. Six of a total of 31 homicide victims were women.
The scene of death and the circumstances of the various manners of death are shown in Table 2 . There were significant differences between the manners of death with regard to the proportion who died alone (p < 0.001). The highest proportion was found for suicides (76 %), whereas «other accidents» had the lowest proportion (33 %). Regarding deaths that occurred outdoors, a total of 109 of 194 died alone (not shown).
The investigated deaths were unevenly distributed among the police districts, although differences in population size have not been controlled for (Figure 1 ). Gudbrandsdal was the only police district in which no deaths met the criteria for inclusion. Table 3 shows the distribution of cases from Western Norway (Gade Institute and Stavanger University Hospital) and Southern and Eastern Norway (Institute of Forensic Medicine) with regard to manners of death.
As regards the cause of death for suicides, there were significant differences between the regions. In Southern and Eastern Norway, intoxication was the cause of death in 48 % (n = 62) of the suicides, whereas intoxication was the cause of death for 18 % (n = 7) of the suicides in Western Norway (p-value for the discrepancy = 0.001). There were differences between Southern and Eastern Norway on the one hand and Western Norway on the other with regard to the proportion of women whose manner of death was accidental poisoning. From the Institute of Forensic Medicine, a total of 144 included women (23 %) had this manner of death, while at the Gade Institute and Stavanger University Hospital the combined number amounted to 34 (16 %) . Figure 2 shows the proportion of the deaths that occurred in the home municipality of the deceased (according to the population register) in some of the largest cities.
Discussion
Of the 1 338 investigated deaths that occurred during the use of narcotics, 322 were not encompassed by the general concept of overdose (other accidents, suicides and homicides).
Approximately 6 % of the medicolegal autopsies performed in the area and the time period for the study were performed in departments of clinical pathology in hospitals not included in the study (17) . As an example, a total of 90 medicolegal autopsies were performed at Innlandet Hospital in Lillehammer during the studied period (17), a fact that may explain why we did not register any unnatural deaths positive for narcotic drugs from Gudbrandsdal police district.
The varying practices in different police districts with regard to requesting a medicolegal autopsy (18, 19) is a weakness of the study. Section 36 of the Health Personnel Act with appurtenant regulations defines the types of deaths that the doctor is obliged to report to the police (20) , and Section 228 of the Criminal Procedure Act (21) and Chapter 13 of the Prosecution Instructions (22) state the cases in which the police shall and ought to request a medicolegal autopsy. A medicolegal examination is mandatory only in cases where death is suspected to have been caused by a punishable act or in cases where the deceased is unidentified.
This means that in the remaining cases (accidents, suicides, sudden unexpected deaths etc.) the head of the police district in question is free to decide whether or not to have such an examination performed. This may result in random (in)equalities in numbers and proportions that are not representative of the real prevalence. Moreover, the medicolegally autopsied deaths represented only 4 % of all deaths during this period (17, 23) . Because of the varying practices for requesting a medicolegal autopsy, we assume that suicides, fatal accidents and accidental intoxications during drug use are underregistered.
As regards accidental intoxications, our results in terms of age and gender distribution are in accordance with other studies from the same period (15, 16) . The question of why the proportion of women suffering accidental intoxications is lower in Western Norway than in the southern and eastern regions merits investigation in more detail. With regard to accidental intoxications, the autopsy rate was most likely quite high (18) , and these regional differences in the proportion of women may thus be real. With regard to the other manners of death, such regional differences cannot be assessed with certainty on the basis of our study, due to the variation in practices for requesting autopsies as well as the relatively small number of cases for some of the manners of death in the material from Western Norway.
More than half (66 of 123) of the deaths in the category «other accident» were trafficrelated. It has previously been shown that the use of drugs is associated with an elevated risk of accidents, especially traffic accidents (5 -8) . An increased prevalence of other unnatural deaths has also been demonstrated among substance abusers (2, 9, 24) . We have not distinguished between «heavy users» and more occasional and recreational drug users, nor between the types and numbers of the drugs that were detected in each individual. It will be important to undertake further studies to obtain more knowledge about the extent to which drug-use careers and types of substances are related to specific risks of accident, suicide or homicide.
We found an increased frequency of intoxication as a suicide method in both genders (more than half of the suicides had been committed by intoxication) when compared to the general suicide population (25) . This may indicate that substance abusers are more prone to committing suicide by this method, possibly because they have better access to and a lower threshold for using narcotic substances as well as medicinal products than the population as a whole.
In our study, the proportion of women with homicide as the manner of death was significantly lower than in the police statistics of homicides in general (26) . The numbers are too small to draw any conclusions in this respect. The homicide figures registered by the police are not directly comparable to those from the autopsy material, because the definition of homicide is different. Forensic pathologists, as opposed to the police, also regard serious bodily harm resulting in death as a homicide.
The substantial variations among the large urban municipalities regarding the proportion of individuals who die in their home municipality may have an impact on how one should design preventive strategies. The large variations may be related to the access to drugs, as well as the characteristics of the user populations and the user cultures in the various cities. The reasons for these large variations merit further investigation. In the Oslo study of overdose deaths in 2006 -08 (27) , one-third of the deceased were not registered residents of the city. Our study, however, also includes deaths other than those due to overdose. In the case of Oslo, it seems to be a persistent trend that many of those who die from unnatural causes while using drugs are not registered residents of this municipality.
Studies from the same period as in our study, as well as subsequent periods, have shown that most drug-related deaths occur in private homes (13) . Our study supports this finding, but also shows that the scene of death strongly co-varies with the manner of death. A large proportion of the deaths occurred with other adults in the vicinity.
Knowledge about where the deaths occur and the fact that very often other adults are present provide important information for the assessment of preventive and life-saving measures. 
